In the current century, global warming is becoming an alarming issue causing an increase in the area of barren lands. Arid and semi-arid regions are characterised with shortage of water in both under-and above-ground environments. Plants with high water use efficiency should be considered for cultivation in those regions. Water loss is needed for cooling plant and absorbing minerals, however, excessive water loss can result in wilting. Plants control the water loss through adjusting the volume of stomatal guard cells and fine tuning the movements of stomata. Fine tune-functioning of stomata can help the plants to cope with drought conditions. Vapour pressure difference (VPD) between stomatal cavity and surrounding environment determines the water status of the leaf. In the short term, stomata respond in a regular way to VPD. However, when plants are exposed for a long term to conditions triggering stomatal opening (such as low VPD, prolonged lighting duration and air pollutants), the behaviour of the stomata in response to drought stress changes and the stomata are incapable of suitable response to closing stimuli (stomatal malfunctioning). Finding the reasons for occurrence of stomatal malfunctioning can help us to improve plant acclimation to dried environments. Exploring genetic variation in stomatal response among naturally occurring populations is the first step to figure out the mechanism controlling stomatal movements in different environments.
INTRODUCTION
Most of the water absorbed by plant roots evaporates from the plants over the leaf surface. The presence of waxy cuticles at the interface between plant internal tissue and the surrounding environment prevents massive water loss from the plants. The cuticular layer protects plants from drying via its airtight properties. However, to exchange gases (water vapour and carbon dioxide) with surrounding environment the leaves have specialized openings on their surface named stomata (Blatt, 2000) . Stomata are microscopic pores on the epidermis bound by pairs of guard cells, connecting internal leaf space to outside environment. Guard cells regulate opening and closing of stomata to control gas and water vapour exchange between plant and the surrounding environment, they have kidney shapes in dicots (and some monocots) or dumb-bell shapes in monocots (Sack, 1987) . Following an increase in the osmotic potential, stomata open due to an increase in guard cell volume driven by inflow of water. The most important function of stomata is providing enough CO 2 for plant photosynthesis, while at the same time protecting the water status of the plant by preventing excess water loss via their opening (Berry et al., 2010) . Excessive transpiration slows down plant growth and leads to deterioration of plants due to dehydration. When plants are exposed to environments where evaporative demand is higher than water supply, it is vital to restrict water loss to avoid wilting, while at the same time providing enough carbon dioxide to drive photosynthesis and induce growth (Raven, 2014) . The balance between demand for carbon dioxide and transpirational water loss relies on the a E-mail: aliniaeifard@ut.ac.ir environmental conditions around the plant. When there is adequate water availability in the root medium and evaporative demand is low, the priority is towards carbon dioxide uptake, while, in the environments with limited water availability and high evaporative demands, the priority is towards decreasing stomatal aperture to limit water loss and increasing water use efficiency (Berry et al., 2010; Hetherington and Woodward, 2003) . Therefore, stomata play a very important role in adjusting two mutual processes (transpirational water loss and carbon dioxide uptake) in the plant to help plant survival in wide ranges of environmental conditions (Nilson and Assmann, 2007) .
RELATIONSHIP BETWEEN STOMATAL SIZE AND STOMATAL RESPONSES TO DROUGHT
Stomatal characteristics are considerably influenced by the environments that encompass the plants. Humidity around the plant (underground or aboveground) is one of the main environmental conditions that influence both stomatal size and function. For example both stomatal size and density can be influenced by relative humidity (RH) around the leaf (Aliniaeifard et al., 2014; Fanourakis et al., 2011; Fordham et al., 2001; Torre et al., 2003; Tricker et al., 2012) . Plants which developed their leaves in high RH conditions are characterized by large stomata with wide aperture area (Aliniaeifard et al., 2014; Fanourakis et al., 2011; Rezaei Nejad and van Meeteren, 2005; Torre et al., 2003) . Moreover, it has been reported that water availability in root medium can also influence the size and response of the stomata (van Meeteren and Aliniaeifard, 2016) . Opening and closing of stomata is also closely related to water availability in the root zone. The stress signal which originates from the roots can induce closing of the stomata without or before considerable change in leaf water potential (Blackman and Davies, 1985; Christmann et al., 2013; Gollan et al., 1986; Jiang and Hartung, 2008) . Stomatal size has been associated with responsiveness to closing stimuli across species, where smaller stomata have been related to shorter response time and vice versa (Drake et al., 2013; Franks and Farquhar, 2007; Giday et al., 2013; Hetherington and Woodward, 2003) . Moreover, using different cultivars of rose, it has been reported that differences in stomatal size determine variation in the stomatal responsiveness to closing stimuli (Giday et al., 2013) . A connection between stomatal function and structural features has been previously suggested for various species (DohenyAdams et al., 2012; Drake et al., 2013; Franks and Farquhar, 2007; Giday et al., 2013) . Because of higher ratio of guard cell's membrane surface to volume, species with smaller stomata may respond faster compared with species with larger stomata. Furthermore, in a wide range of plant species, a negative correlation has been found between stomatal size and stomatal density (Drake et al., 2013; Franks and Beerling, 2009; Hetherington and Woodward, 2003) . Therefore, smaller stomata are usually associated with higher stomatal density per leaf area (Hetherington and Woodward, 2003) . Using five closely related species of the genus Banksia, it has been demonstrated that the rate of stomatal response was negatively correlated with stomatal size (Drake et al., 2013) . Therefore, to optimize the trade-off between carbon gain and transpirational water loss, these characteristics (smaller stomata and higher stomatal density) allow the leaf to attain high stomatal conductance under favourable conditions, and to promptly reduce stomatal conductance when conditions are unfavourable, which help the plant to cope with stress conditions (Doheny-Adams et al., 2012; Xu and Zhou, 2008) .
GENETIC VARIATION IN STOMATAL RESPONSES TO DROUGHT
Stomata maintain open when humidity around the plant (in both belowground and aboveground environments) is above a threshold level, and they close when the humidity is lower than a minimum humidity level for stomatal opening. The threshold level varies according to the plant species. Variation in stomatal responses to humidity has been observed in both inter-and intraspecific levels. For example in red maple, ecotypes belonging to wet environments respond quicker to water stress than ecotypes which belong to dry environments (Bauerle et al., 2004) . Arabidopsis is widely distributed around the world and large variation has been found in this species for many aspects. Genetic variation between accessions of Arabidopsis under stress conditions has been found for responses to high light (Athanasiou et al., 2010; Jung and Niyogi, 2009), ozone (Brosché et al., 2010) , freezing (Hannah et al., 2006) , drought (Bouchabke et al., 2008) , high temperature (Edwards et al., 2006) , and salinity (Katori et al., 2010) . Brosché et al. (2010) investigated the ozone sensitivity among Arabidopsis accessions and correlated it to stomatal conductance. Bouchabke et al. (2008) showed differences in water loss between accessions under drought stress and assumed that these differences were related to differences in stomatal aperture. Aliniaeifard and van Meeteren (2014) characterized the stomatal responses of 41 natural accessions of Arabidopsis thaliana to desiccation and abscisic acid (ABA) after exposure to moderate or low VPDs. In all accessions stomatal conductance (g s ) was increased after exposure to low VPD and vice versa. They categorized Arabidopsis thaliana accessions to very sensitive, moderately sensitive and less sensitive to closing stimuli.
It has been shown that exposure to lower humilities, for plants that have been grown under high RH conditions resulted in decreased closure ability of stomata (stomatal malfunctioning) leading to adverse leaf water relations (Aliniaeifard and van Meeteren, 2016; Rezaei Nejad and van Meeteren, 2008; van Meeteren and Aliniaeifard, 2016) and consequently resulting in wilting of the plants. This decrease in stomatal responsiveness strongly depends on the genotype (Aliniaeifard and van Meeteren, 2014; Giday et al., 2013) . Genotypic variation in stomatal responsiveness can be mirrored by differences in plant water loss following desiccation. In conclusion, monitoring stomatal functioning can help to investigate differences in plant tolerance to water deficit conditions.
REASONS FOR GENETIC VARIATION IN STOMATAL RESPONSES
The reasons for occurrence of stomatal malfunctioning have been previously reviewed in details (Aliniaeifard and van Meeteren, 2013). Stomatal size underlays much of the variation in the regulation of transpiration upon growth of the plants in different humidity conditions in both above and belowground environments (Doheny-Adams et al., 2012; Drake et al., 2013; Franks and Farquhar, 2007; Giday et al., 2013) . It has been indicated that species with smaller stomata require less leaf drying to close their stomata (Giday et al., 2013; Hetherington and Woodward, 2003) . On the other hand, stomatal aperture is the key factor for plant hypersensitivity to drought conditions (Aliniaeifard et al., 2014; Fanourakis et al., 2011; Torre et al., 2003) . The involvement of ABA in the stomatal response to water stress has been extensively studied. It has been well documented that drought induced ABA production results in stomatal closure (Giday et al., 2013; Larque-Saavedra and Wain, 1974; Luan, 2002) . Investigating the reasons for the described genotypic variation in stomatal responses to drought can facilitate understanding of the relationship between ABA level and regulation of water loss by plants. A positive correlation has been found between transpiration rate and foliar ABA level after desiccation (Aliniaeifard et al., 2014; Rezaei Nejad and van Meeteren, 2008) . Red maple ecotypes belonging to wet environments respond quicker to water stress than ecotypes which belong to dry site by biosynthesizing ABA and closing stomata (Bauerle et al., 2004) . Low foliar ABA concentration for long periods has been suggested as the main reason for malfunctioning of the stomata in response to desiccation (Aliniaeifard and van Meeteren, 2013; Rezaei Nejad and van Meeteren, 2007) . In agreement, Giday et al. (2013) showed that genotypic variation in stomatal responsiveness is correlated with the foliar ABA content. Moreover, a correlation has been reported between post-desiccation foliar ABA level and stomatal responses to desiccation (Aliniaeifard and van Meeteren, 2014) . The ABA signalling pathway in guard cells comprises a network of many components. Decreased ABA levels as well as absence of changes in ABA level during leaf developments can result in alterations in wall structures of guard cells (Mansfield, 1994) . Alteration in ABA signalling pathway due to long-term low ABA level has been suggested as the main reason for stomatal malfunctioning (Aliniaeifard et al., 2014) . Therefore, two approaches can be exploited for increasing drought tolerance in plants: one could be altering stomata morphology by inducing generation of small-sized stomata (Giday et al., 2013) and the second approach could be hyper-sensitizing guard cells to foliar ABA level (Aliniaeifard et al., 2014) .
USING GENETIC VARIATION IN STOMATAL RESPONSES FOR BREEDING PURPOSES
Natural genetic variation between accessions is advantageous to study, because it facilitates to understand which processes within a trait are subjected to natural selection (Alonso-Blanco et al., 2009; Trontin et al., 2011) . Stomata response to environmental conditions is a complex trait involving a complex network of signalling pathways. Natural variations in plant sensitivity to mild (Bouchabke et al., 2008) and severe (Aliniaeifard and van Meeteren, 2014) water stress has been indirectly related to the stomata. If the observed variation is because of natural selection, we can expect correlations between the environments where the accessions were originally collected with their stomatal response. Although no significant relationships have been observed between stomatal responsiveness and latitude or with longitude in Arabidopsis thaliana, there is a significant correlation between stomatal conductance and precipitation (Aliniaeifard and van Meeteren, 2014) .
Since stomata are the main path for water loss by plants and they also have a vital role in water use efficiency by plants, therefore, by increasing stomatal functionality we would be able to increase plant adaptation to dry environments.
Natural variation in stomatal density and stomatal index has been reported among 62 wild Arabidopsis accessions (Delgado et al., 2011) . Moreover, variation in stomatal responsiveness to desiccation has been also reported (Aliniaeifard et al., 2014) . If the stomatal response is controlled by an adaptive mechanism, the outliers with extreme responses can be used for building up promising recombination inbred line (RIL) populations for identification of the involved QTLs in the malfunctioning stomata. RILs from different parents have been used for QTL mapping for traits such as seed dormancy, flowering time and resistance to disease. They could be also used for plant response and adaptation to drought conditions (Brosché et al., 2010; Shindo et al., 2007) . However, not many QTL mapping for the stomatal response to environmental conditions have been performed so far. Three QTLs for ozone and one QTL for water loss have been suggested in Arabidopsis plants (Brosché et al., 2010) . The strongest QTL related to ozone sensitivity was close to the same position as the QTL for the water loss (Brosché et al., 2010) further supporting the role of stomata in observed variation among populations in response to abiotic stresses. If the variation in stomatal response is at least partially due to selection pressure, it would be reasonable to find some correlations between the stomatal sensitivity to closing stimuli and the environment where the accessions originally come from. Significant differences have been reported for the relationship between g s and precipitation, however, no correlations have been reported between geographical parameters and stomatal sensitivity to drought (Aliniaeifard et al., 2014) . Therefore, genetic drift can be also part of the reasons for some of the observed variation among accessions (Bouchabke et al., 2008) . The recognized natural variation in stomatal responses to closing stimuli can be useful for finding genes and signalling pathways involved in the malfunctioning of stomata in order to be able to increase plant adaptation to dry environments (Aliniaeifard et al., 2014) . 
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